Figure S1. Structure-seq2 and polysome profiling quality control. (A) Rates of protein synthesis across a range of hippuristanol concentrations in MCF7 cells as measured by 35 S protein labelling. n=3 biological replicates and error bars represent SEM. (B-C) Polysome traces from the second and third biological replicate with and without hippuristanol. (D) Sequencing gel showing that the conditions of DMS treatment were under single-hit
. Replicate correlation and coverage thresholds. (A) Replicate correlation was calculated between all three pairs of replicates, across the whole transcriptome. Correlation coefficients were calculated with a Pearson test. (B) Boxplots depict the replicate correlation between DMS (+) samples for each transcript with a coverage above increasing thresholds. (C) Correlation matrix showing the transcriptome replicate correlation between all replicates and all samples, at a coverage threshold of 1. This is the coverage threshold used for the analysis throughout the rest of this paper.
Figure S3. Assessing 5' and 3' end coverage. (A)
The accuracy of 5' end annotation in three different transcriptomes was assessed by plotting the distribution of stops in the DMS (-) libraries after mapping to the respective transcriptome. As these libraries were randomly primed, the distribution of stops across the transcript should be even, except there should be a peak of reads at the 5' end of the transcript, as this should be the only positionally biased hard stop among all transcripts. We compared manually curated RefSeq transcripts with a transcriptome based on the nanoCAGE data from Gandin et al. (2016) (35) and also to a MCF7 specific transcriptome that was created by Pacific Biosciences (see the "Methods" section), based on long range sequencing reads. A peak of stops at the 5' end is only observed in the two transcriptomes based on sequencing data from MCF7 cells, demonstrating that these transcriptomes have significantly better 5' end annotation, compared to the RefSeq transcriptome. (B) 5' end coverage scores were calculated to filter transcripts based on how likely the annotated 5' end reflects its true 5' end. This is calculated using the formula shown, which measures the enrichment of hard stops at the 5' end of each transcript in the DMS (-) libraries. The number of stops in the first n number of nucleotides is divided by the average number of stops for an equal sized region of the transcript, where len is the length of the transcript and n is the number of nucleotides. 5' end coverage was calculated for all transcripts within each transcriptome, from the DMS (-) libraries, while varying the size of n. If the true 5' end is annotated correctly, increasing the size of n should decrease the 5' end coverage score. Plotting the median 5' end coverage scores for all transcripts against n, demonstrates that the nanaCAGE data is most precise, while the RefSeq annotation is very inaccurate. While the MCF7 specific transcriptome is less accurate than the nanoCAGE transcriptome, it is still significantly more accurate than the RefSeq annotation and has sequence information for the whole transcript, which is lacking in the nanoCAGE data. Also, there were only 5,945 transcripts within the nanoCAGE based transcriptome but 55,770 transcripts within the MCF7 specific transcriptome. For these reasons we decided that the MCF7 specific transcriptome would be preferable, but that we should filter transcripts based on their 5' end coverage. These data also further support the quality of our Structure-seq2 libraries, in being in exact agreement with the nanoCAGE data on the 5' ends of transcripts. (C) As the Structure-seq2 libraries are randomly rather than oligo(dT) primed, coverage at the extreme 3' end will be poor. To empirically determine how many nucleotides to trim from the 3' end, we calculated 3' end coverage, by dividing the average number of stops in the 3' most 50nt by the average number of stops in the 3' most 300nt, in the DMS (-) libraries. The median 3' end coverage score is plotted for the MCF7 specific and the RefSeq transcriptomes, after trimming differing numbers of nucleotides from the 3' end. This analysis shows that 125nt should be trimmed from the 3' end prior to any analysis. It also further supports the superiority of the MCF7 specific transcriptome compared to the RefSeq annotation. The 3' end coverage analysis was not carried out on the nanoCAGE data as this data only has information for the 5' end. Figure 1C . Each data point is the average of 3nts. Shaded area represents 95% confidence limits for the difference in means between control and hippuristanol mRNAs within each 3nt, calculated by a paired two-sided t-test. (B-C) Average reactivities of specifically (B) adenines and (C) cytosines, binned across the length of all transcripts included in Figure 1C. (D) Fluc activity in nuclease untreated rabbit reticulocyte lysate after 30min with the structure-less (CAA)24 5'UTR reporter (see the "Methods" section) with varying concentrations of RNA. Data show that 40ng/µl is within the linear range, demonstrating that the majority of reporter RNA used in our DMS reactivity experiments in Figures 1D-E is being translated in the lysate. n=3 and error bars represent SEM. (E) Fluc activity in nuclease untreated rabbit reticulocyte lysate after 30min with the structure-less (CAA)24 5'UTR reporter with varying concentrations of hippuristanol. n=3 and error bars represent SEM. (F) Fluc activity in nuclease untreated rabbit reticulocyte lysate after 10 and 20min with the structure-less (CAA)24 5'UTR reporter with varying concentrations of Harringtonine. n=3 and error bars represent SEM. (G) Binned Δ reactivity across the length of the UTRs (25 bins) and coding sequence (50 bins) for mRNAs that were found to only initiate translation from the annotated start site (aTIS) (182 mRNAs), based on data from Lee et al. (2012) (43), compared to all other mRNAs from Figure 1C and panel A. (H) Average Δ reactivity for the first and last 60nts of the UTRs and CDS for the same groups of mRNAs as in panel G. Each bar represents 3nt. Figure S6 . Highly translated mRNAs are less structured in the 3' most 20nt of 5'UTRs. (A) Average Δ reactivity between the low TE and high TE mRNAs under control conditions for the first and last 60nt of UTRs and CDS for all transcripts included in Figure 2E . Shaded area represents 95% confidence limits for the difference in means between the two groups of mRNAs within each 3nt, calculated by an un-paired two-sided t-test. (B) Cumulative distribution function plots of upstream translation initiation sites (uTIS) scores for high TE and low TE mRNAs. uTIS scores were calculated by dividing the number of reads mapped to upstream start sites by the number of reads mapped to both upstream and the annotated start sites based on data from Lee et al. (2012) (43) . P values and 95% confidence intervals were calculated using an un-paired, two-sided Wilcoxon test. Figure 4D . (E) Cumulative distribution function plot of upstream translation initiation sites (uTIS) scores for the eIF4A-dependent and independent mRNAs from panel D. (F) Cumulative distribution function plot of uTIS scores for the high sensitivity (eIF4A-dependent) (n = 949) and low sensitivity (eIF4A-independent) (n = 606) mRNAs following 1 µM hippuristanol treatment taken from Iwasaki et al. (2016) (33) . uTIS scores were calculated by dividing the number of reads mapped to upstream start sites by the number of reads mapped to both upstream and the annotated start sites based on data from Lee et al. (2012) (43) . P values and 95% confidence intervals were calculated using an un-paired, two-sided Wilcoxon test. 
